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Abstract 
All segments of stakeholders in society need to understand economic, environmental and social connections and implications in order to 
facilitate sustainable development. Currently many people - especially in emerging countries - are not aware of the challenges associated with 
sustainability. In addition new technology has to be developed to find solutions for providing growth without exceeding the resource 
boundaries of our planet. This demands a drastically increased learning and teaching productivity and thus new approaches for education. 
Exemplarily for engineering education, the authors present a concept in which simulation-games are applied in order to support training for 
assembly processes on manual workplaces. The Assembly Game and the Gaming System are introduced. The first game is played on portable 
devices. Learners acquire knowledge of the assembly sequence of a bicycle e-motor. The second game is played on a manual assembly 
workplace. It encourages practice based learning by combining gaming software with a manual assembly workplace. Both games are 
implemented in education oriented software with strong visual features. Motion capture technology is used in order to support the immediate 
response to the user’s actions. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The economic development of emerging countries has 
increased resource consumption rates and thus the global 
ecological impact. Additionally, the rise and spread of 
awareness of sustainability has posed challenges for 
innovation and developments in manufacturing [1]. 
Knowledge about technologies and their socio-economical 
implementation has to be transferred to emerging countries 
and disseminated by engineers who can act as ambassadors of 
technologies. This requires higher learning and teaching 
productivity [2] [3]. But the current education systems in 
emerging countries might not always fulfill the high 
qualification demands needed. That raises the question to 
which degree Information and Communication Technology 
(ICT) can support the qualification process. One of the 
advantages is that ICT can adapt to the qualification level of 
the learner. It also helps to shift the qualification from a 
teacher centered to a learning centered approach [4]. Different 
types of learners can easier develop skills by using blended 
learning, supported by different ways of communication like 
IT repositories, e.g. Wikis, animations and personal 
interaction [5]. More complex forms of blended learning 
concepts have been introduced supporting conventional 
teaching; simulations and gamification are successful 
examples [6]. Simulation-games form one specific kind, 
which aims to combine both methods for increased learners 
motivation and reference to reality [4]. 
Due to low wages the industry of emerging countries is 
mainly characterized by a high percentage of manual work. 
With more experience in factory operations, companies often 
try to increase the sophistication level of their products and 
processes to explore new markets and revenues. Higher 
sophistication demands often higher qualification. Training 
for workers becomes a crucial task in this process. Many 
companies in emerging countries run factories with workers 
who received training of less than two weeks for their task. 
That often implies that thousands of workers do highly 
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repetitive tasks, which causes a high degree of monotony. 
This often results in high first-failure-rates in assembly and 
many quality related problems. Qualification of workers is the 
foundation for more flexible operations with increased 
product variations, higher workers satisfaction and increased 
quality [7]. 
Existing trainings in industry mainly depend on traditional 
education e.g. lectures in a classroom and mentoring [7]. 
Risks with the first one are low practice which makes the 
transfer to the workers task difficult, the latter one requires 
intensive guidance by the manager, who needs to be 
appropriately trained.  
Simulation-games proved their success in university 
education [4]. This paper presents an approach of filling the 
gap of innovative training concepts for industrial training by 
using simulation-games. Through a so-called Assembly Game 
and the associated Gaming System on assembly workplaces 
new employees will acquire fundamental qualification on 
manual workplaces and existing employees in new assembly 
tasks. The Assembly Game is a web-based game which can be 
played on computers or portable devices, and the Gaming 
System will assist the trainees during practicing at 
workplaces. With this approach the learning productivity of 
the educational system will be enhanced, since simulation-
games are indicated to be experiential instructional methods, 
which stimulate active learning [8]. 
2. Simulation-game based learning 
2.1. State of the art 
"To play a game is to engage in activity directed toward 
bringing about a specific state of affairs, using only means 
permitted by specific rules, where the means permitted by the 
rules are more limited in scope than they would be in the 
absence of the rules, and where the sole reason for accepting 
such limitation is to make possible such activity" [9]. 
Simulation is the imitation of the operation of a real-world 
process or system over time [10]. Based on that, simulation-
games are defined as games that imitate the operation of a 
real-world process or system over time, using only means 
permitted by specific rules. Simulation-games have been 
proven to be powerful teaching tools by Hidayatno [11]. 
Costantino et al. state that it may be unsuitable to transfer 
practical skills by traditional teaching methods with lectures, 
homework, and case studies. It is only appropriate for 
teaching theoretical knowledge of fundamental studies. 
Therefore, they proposed a game to teach operation 
management, which is useful for both students and managers 
who have some gaps in their knowledge or want to improve 
their production systems. The game was designed in a 2D-
environment which describes a factory consisting of 
machines, conveyors and other resources. The players are 
given a role in their team and asked to take decisions based on 
the learned theories of capacity planning or maintenance 
strategy. After playing the game, the results from their 
decisions are used to evaluate the learning process. Through 
playing the operation management game, the learners have 
shown positive responses to the new method. [12] 
Mustafee and Katsaliaki state that it is not an easy task to 
make students understand complex supply chain management 
problems. They created the so-called blood supply game, 
based on the Beer Game in order to teach aspects of supply 
chain management [13]. The authors created a model of the 
blood supply chain from donors to patients. The game is 
played individually on computers in a software environment 
based on Visual Basic and Microsoft Excel. However, tests 
showed that the game could not attract all students in the 
desired way [13]. These restrictions were resolved in the 
Supply Chain Management Game (AUSUM) when Tobail et 
al. developed the game as an online multi-player game with a 
significant upgrade of the interface [14]. 
Long et al. indicated simulation as an ideal learning tool in 
engineering education because it reduces costs and eliminates 
all risk factors that engineers would take to gain experience in 
real working environments. In order to teach construction 
management to undergraduate and postgraduate students, the 
authors used two simulation-games to describe a construction 
scenario of a 7 km clay lined canal. By playing the games, the 
student’s knowledge about design, assessment procedures and 
construction operations of three years education is tested. The 
authors could show a positive impact of the new teaching 
method through comparing the student’s results from 2005 to 
2008. [15] 
Lee et al. stated that simulation based learning can reduce 
training time. The authors set up a virtual reality operator 
system to illustrate the continuous casting process at POSCO 
in Korea and used an e-learning program to train senior 
operators. They could easily understand the equipment layout 
as well as the whole casting process through explanations 
from the animation systems. All operation and configuration 
regarding the casting process is simulated with a 3D real-time 
model. The program also gives emergency circumstances of 
failures such as ladle opening, bleeding or breakdown to 
challenge the participants. By using this method, the authors 
claimed that the training period is reduced from 4-6 to 3-5 
years for a senior operator. [16] 
In high risk training, Li et al. provide an integrated system 
for collaborative virtual maintenance which is supported by a 
simulation model. This kind of model can be found in the 
virtual reality-based training developed by Grabowski et al. to 
train underground miners [17]. The simulation runs on 
computers, collecting data from interaction devices including 
gloves, 3D mice and position tracking equipment. This system 
will instruct the trainees to practice maintenance tasks which 
are evaluated after each individual step. One outstanding 
function of the system is that it allows multi trainees to 
collaborate in a maintenance process with different tasks. [18] 
2.2. Gap 
Table 1 summarizes the literature dealing with simulation-
game based learning. Overall, the table is compounded of 
seven attributes noted below. Target user indicates the main 
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people who benefit from the simulation-game. Learning goals 
gives information about the learning objectives including 
knowledge, reproduction or repeated performance of learning 
aims and application. Learning situation describes the 
organization of the learning processes. Factory level details 
the factory level where the simulation-game is applied. 
Simulation model indicates the type of simulation applied. 
Gamification reports on whether game elements are used in 
the simulation. Equipment & facility shows requirements of 
deploying the new methods.  
It can be seen from the data in table 1 that the simulation-
games for students are mostly used in order to train 
competencies on factory’s network level such as supply chain 
management. The learning goal of workers in contrast to this 
is to improve working skills or to learn about specific 
activities in their jobs on lower factory levels. That may 
explain the lack of simulations for workers on the 
factory/network level. The training programs are designed as 
virtual reality simulation at low level of factory as 
workstations or cells. However, gaming factors which were 
successful in university environments are mainly unavailable 
for the worker’s target group. Another gap can be seen in the 
lack of flexibility of training equipment. In order to fill these 
gaps and prove a high potential of gamification in training of 
manual tasks, this paper gives a concept of using games in 
order to support the training of assembly workers based on 
two examples: the Assembly Game and the Gaming System 
on assembly workplaces. 
Table 1: Summary of research papers. 
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Simulation-Game for 
Production System [11] 
Students ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ● ● ○ ● ○ ● ○ ○ 
OM teaching [12] Students ● ● ○ ○ ○ ○ ● ○ ○ ● ○ ○ ● ○ ● ○ ● ○ ○ 
Blood supply game [13] Students ● ● ○ ○ ○ ○ ● ○ ○ ○ ○ ● ● ○ ● ○ ● ○ ○ 
AUSUM [14] Students ● ● ○ − ○ ● ○ ○ ○ ○ ○ ● ● ○ ● ○ ○ ● ○ 
"Muck" and Canal [15] Students ● ● ○ − ● ○ ○ ○ ○ ○ ● ○ ● ○ ● ○ ○ ● ○ 
Virtual machine [16] Workers ○ ○ ● ○ ○ ○ ○ ● ○ ● ○ ○ ○ ● ○ ● ● ○ ○ 
Virtual miner training 
[17] 
Workers ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ● ● ○ ○ 
Virtual maintenance 
training [18] 
Workers ○ ○ ● ○ ○ ○ ○ ● ● ○ ○ ○ ○ ● ○ ● ● ○ ○ 
Note: 
 ● Available    − Variant    ○ Unavailable 
3. Concept 
3.1. Requirements of tutorial games 
To define the requirements of a game, the player types 
need to be identified at the beginning of the game design 
process. The tutorial game shall be designed for manual 
workplaces which are used by trained or untrained workers as 
well as undergraduate and graduate students. After playing the 
games, the trainees are expected to perform learned tasks 
independently. Although there are currently various games 
used for training, they might not eliminate the proposed gaps 
since different players have different learning and playing 
needs. According to the model of Gamification Player Types 
developed by Manrique [19] based on preliminary work of 
Marczewski [20], seven types of players exist in the so called 
pyramid of time and engagement (T-E pyramid). That 
includes enjoyers, farmers, self-seekers, networkers, 
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achievers, goal seekers and socializers. Generally, the goal-
seeker model fits best for the target users who want to find 
new motivations for studying besides their career perspective. 
This user can be motivated by the impact of his or her action 
on the virtual world. However player’s roles and motivations 
can also change throughout the games [19]. That means based 
on the example of the workers, that they first of all play 
games to find pleasure. Once they spent plenty of time on it, 
they strive towards rewards. Because of this, in addition to the 
fun orientation, the game needs continuous changes during 
gameplay and in the storyline. At each game’s level new 
challenges and rewards are vital factors, which determine the 
success of the tutorial game. 
The gameplays for workers aim at the development of 
learner’s skills. An assembly task is performed through three 
main abilities. The first one is to recognize physical 
components like products and machine tools and their orders. 
Secondly, the handling and positioning of the components 
including the use of fixtures has to be understood. Finally, 
tools have to be chosen and applied correctly.  
The game should be adaptive based on the qualification 
level of the user, who has different competencies at the 
beginning. Demotivation occurs in case the game might be 
too easy or too difficult. In order to suit individual player 
types the evaluation and adaption in game story is an essential 
requirement. During the evaluation users should feel like 
playing games. That supports a better observation of the 
student’s qualification level. In order to do this, the story 
should be told in an adventure style in which the trainees have 
to accomplish simulated missions using real working tasks to 
take their avatars to a successful ending. During the game, the 
players will be asked to take decisions which influence the 
game’s progress. These decisions are related to technical 
knowledge and based on common mistakes of the workers 
such as wrong tools or component orders.  
Graphics should show a mix of a virtual and real 
environment since the users association with the physical 
workplace fosters his or her attention. Furthermore, a formal 
interface is required for goal seekers [19]. 
3.2. The Gaming System on manual workplaces 
The Gaming System on manual workplaces is a 
combination of current workplaces and a gaming system 
which includes a camera, a monitor and a game engine. The 
manual workplaces consist of a storage area of components, a 
tools library and a working zone. The idea of the system is to 
observe the actions of the worker by means of a camera, so 
that the system can give the users objectives and instructions 
through a gaming interface. The learners interact with the 
system by moving their hands in the same way like people 
play games on Microsoft Xbox with a Kinect camera system.  
The core of the system is a game engine which creates new 
training experiences. Immediate feedback helps to make the 
lessons more attractive. In comparison with the tutorial game, 
the game for the manual workplace does not allow incorrect 
actions because the workers learn in a work bound 
environment, which implies a minimum of mistakes during 
the work process. At the same time the system ensures the 
quality of the work process. To motivate the learners sounds 
and experience points are used in order to reward the worker 
for correct actions. Sounds are also used to warn in case of 
incorrect actions. 
3.3. Game organization 
The overall organization of the game is displayed in figure 
1. The proposed game is divided into three sections 
corresponding to the three gaming states early game, mid-
game and late game. At the beginning of the course, the 
trainees will play an evaluation game to identify their current 
level of qualification. Depending on the evaluation, the 
players will be at the tutorial levels or jump to the quest game. 
Unskilled beginners will gain basic knowledge about manual 
tasks by playing tutorial games. At this period, the games 
should be played on portable devices so the learners will 
control their own learning processes. In the next level, the 
learners will demonstrate the availability of one specific 
ability in a quest game before they are allowed to continue 
with the next lesson. The results of the quest games will be 
recorded for further assessment. After the end of all levels, the 
virtual practice tasks in the mid-game will determine whether 
the learner is adequate to do tasks on the real workplaces or 
needs to redo some levels. In the late game, the trainees will 
have practical experience at workplaces that mimic the 
environments they might encounter in the future. Finally, the 
teacher will examine the learner’s competence through results 
of the games or an extra competency assessment. 
Fig. 1 Overview about the organization of the game 
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4. Implementation 
4.1. Scratch 
The game presented in this paper is created with the 
software Scratch. Scratch was developed by the Lifelong 
Kindergarten research group at the Massachusetts Institute of 
Technology Media Lab. By help of this visual and education 
oriented software, animations, games and stories can be 
produced with little effort of modeling and programming. [21] 
Compared to other programming software, Scratch affords 
less time for the game design team to get used to code a 
program with loops or condition commands. The object 
oriented software enables to code based on blocks by simply 
clicking and dragging objects from the command area to the 
script area. Besides features of pictures and sound effects, 
Scratch version 2.0 has a motion capture function using an 
external camera. Furthermore the use of such simple and free 
available software promises a high degree of possible fields of 
application in industry and university since existing programs 
can be easily adapted to the user’s specific needs.  
4.2. The Assembly Game 
The Assembly Game was designed to help new employees 
and students with initial understanding of new working tasks. 
This game can be played individually on computers or 
portable devices. The teachers can add extra objects of the 
assembly processes as well as modify the game story easily. 
In the proposed game, the storyline of the game is taken from 
the popular movie “Madagascar”, in which penguins have to 
find the way to New York City. The player will be one of the 
penguins, repairing an electric hub of a vehicle for the trip. 
The design team chose existing animated characters to shorten 
the time spent on graphics during game development. The 
Assembly Game consists of two main tasks corresponding to 
required abilities of an assembly worker. The first task is to 
recognize components of an electric hub and how these 
components are assembled. The second task is to choose tools 
correctly. The game was created as interactive animation in 
which decisions of the players will change the plots or 
endings of the story. By playing games, workers are more 
motivated to learn how to assemble machines than using 
descriptions, documents and videos which are used in current 
training courses. In addition, the points, bonuses and varying 
results due to interactive decision making, motivate the 
learners. They shall feel that they achieve something, which 
sets incentives to learn more about assembly. At the 
beginning of the game, the players will follow the story told 
by “Captain” Skipper. Then, they are asked to choose one 
penguin as their avatar. The learning process begins with an 
introduction of the product before assembly process steps are 
provided. An example for the first step is shown in Figure 2 
(a). The exemplary case simplified the process steps into nine 
steps with six components. During the instruction, some 
questions related to the electric hub or manual operation will 
be asked by the avatar. These questions aid to evaluate 
learner’s competencies so that the game will adapt the game 
root to each learner. At this level, the trainees have to present 
a basic understanding about machine elements and tools. To 
avoid a classical exam situation, the game design team chose 
mini games such as matching pictures, missing letters and 
words clusters. Since the time factor is very important during 
assembly, the game has a countdown clock and sets time 
limits for every question. The more correct answers, the faster 
trainees accomplish the first mission. The next level is a 
practice section where the learner will revise tasks he or she 
studied in the previous level. The components are randomly 
organized each time the learner starts this section. The 
learners will practice assembling an electric hub virtually by 
clicking components in the desired orders. The game rules in 
this section are quite similar to the previous level. The player 
has to succeed in all tasks before he or she moves to the real 
assembly workplace.  
4.3. Gaming System on assembly workplace 
The tasks in the Assembly Game are performed by learners 
on a real assembly workplace with the support of the Gaming 
System. They assemble six components through nine work 
steps to complete an electric hub. The system gives 
instructions of each step through a monitor and audio 
recordings. At the beginning of the training section, Captain 
Skipper explains the game rules and the physical workplace 
by pointing out relevant parts and tools. Therefore the camera 
tracking function is used. The camera is mounted directly 
over the workplace, filming the hand positions. The 
preliminary prepared positions of the tools, fixtures and parts 
are already programmed into Scratch. By continuously 
checking the color of the virtually marked position, the 
software recognizes a right or wrong action of the user. By 
following the Skipper in the first round, the players complete 
a hub without any obstacle. However, this guide will not be 
available during the second round since there is only a 
feedback system working to examine the workers actions. 
Time constrains are also included in this section. The 
interface of the Gaming System is shown in Figure 2 (b). 
a b 
Fig. 2. (a) Assembly Game; (b) Gaming System interface. 
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5. Summary and outlook 
This paper presents an approach in order to fill the gap of 
innovative training concepts for industrial manual assembly 
by the usage of simulation-games. The concept consists of a 
tutorial game and a practical training session with gaming 
support. The tutorial game, implemented as the so-called 
Assembly Game, can be played on both computers and 
mobiles phones with the goal to give the learners an initial 
understanding of the assembly steps for a bicycle hub. The 
practical training session, implemented as the so-called 
Gaming System is played on a physical assembly workplace. 
It is designed in order to enable learners to apply knowledge 
about machine tools to realize a desired outcome in form of a 
real product. In order to ensure immediate feedback, the 
assembly workplace is equipped with a camera tracking 
system which evaluates continuously the learner’s actions.  
The beta version of this concept has been implemented in 
the education oriented software Scratch and tested by 
students. They reported that the games help them to get into 
the assembly process easily while being highly motivated, but 
the graphics needs to be upgraded. In comparison with 
traditional methods, collaboration between learners is not 
included in the proposed concept yet, so that a multi-players 
system will need to be developed. Furthermore, a software 
framework is intended to be created which reduces the 
amount of effort needed by teachers to transfer training 
documents into games. 
The concept achieves the main criteria to be a 
Learnstrument, which is defined as object, both tangible and 
intangible, which automatically demonstrates its functionality 
to the learner [22]. On one hand, the concept helps the 
workers to initially understand about the assembly process as 
a result of the tutorial game, whereas the new workplace with 
the gaming interface provides diversified training courses in a 
safe environment. Moreover, the learners are being motivated 
by game mechanics such as experience points to engage 
themselves more intensive with the learning materials. 
Supported by the simulation-games the learning process will 
be therefore more effective. 
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